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THE great difficulty of meafuring very fmall angles, fuel 
as hardly amount to a few feeonds, is well known to 
aftronomers. Since I have been engaged in obfervations on 
double ftars, I have had fo much occasion for micrometers that 
would meafure exceeding fmall diftances exa&ly, that I have 
continually been endeavouring to improve thefeinftruments. 

The natural imperfections of the parallel wire micrometer 
in taking the diftance of very clofe double ftars are the follow* 
ing. When two ftars are taken between the parallels, the dia- 
meters muft be included, I have in vain attempted to find lines 
fufficiently thin to extend them acrofs the centers of the ftars 
fo that their thicknefs might be negle&ed. The 'fingle threads 
of the filk-worm, with fuch le.nies as I ufe, are fo much mag- 
nified that their diameter is more than that of many of the 
ftars. Befides, if they were much lefs than they are, the 
power of defle&ion of light would make the attempt to mea- 
fure the diftance of the centers this way fruitlefs : for I have 
always found the light of the ftars to play upon thofe fines and 
feparate their apparent diameters into two parts. Now fince 
the fpurious diameters of the ftars thus included, to my certain 
knowledge, are continually changing according to the ftate of 
die air, and the length of time we look at them, we are, in 
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fome , refpeci, left at an uncertainty, and our meafu res taken at 
different times, and with different degrees of attention, will 
vary on that account. Nor can we come at the true diftance 
of the centers of any two ftars, one from another, unlefs wq 
could tell what to allow for the femi-dkmeters of the ftars; 
themfelves ; for different ftars have different apparent diame- 
ters, which, with a power of 227, may differ from each other 
(as I have experienced) as far as two feconds. 

The next imperfection is that which arifes from a deflexion 
of light upon the wires when they approach very near to each 
Other; for if this be owing to a power of repnlfion lodged at 
the Surface, it iseaiy to underftand, that fuch powers muft in- 
terfere with each other, and give the meafures larger in pro- 
portion than they would have been if the repulftve power of 
one wire had not been oppofed by a contrary power of the 
other wire, 

Another very confiderable imperfection of thefe micrometers 
is a continual uncertainty of the real zero. I have found, that 
the leaft alteration in the fituation and quantity of light will 
affe£l the zero, and that a change in the pofition of the wires, 
when the light and other circumftances remain unaltered, will 
alfo produce a difference. To obviate this difficulty, when- 
ever I took a meafure that required the utmoft accuracy, my 
zero was always taken immediately after, while the apparatus 
remained in the fame fituation it was in when the meafure. was 
taken ; but this Enhances the difficulty becaufe it introduces an 
additional obfervation* 

The next imperfeAion, which is none of the fmalleft, is 
that every micrometer that has hitherto been in ufe requires 
either a fcrew or a divided bar and pinion to meafure the dis- 
tance of the wires or divided image. Thole who are ac-* 
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quainted with works of this kind are but too fenfible how diffi- 
cult it is to have fcrews that fhall be perfe£tly equal an every 
thread or ; revolution of each thread ; or pinions and bars that 
fhallbe fo evenly divided as perfeftlj to be depended upon in 
every.leaf and tooth to perhaps the .two, three* or four thou- 
fandth part : of an inch ; and yet, on account- of the fmall 
fcale of thofe. micrometers, thefe quantities are of thegreateft 
confequence ; an error of a iingle thoufandih part inducing in 
moil inftruments a mi flake -of feveral feconds. 

The laft* and igreateft imperfection of aliis^ that thefewira 
micrometers require a pretty ftrong light in the field of view: 
and when i had double ftars to meafure, .one of which was very 
obfcure, I was obiigqd to be content with lefs light than isne- 
ceflary to ,make the wires perfectly < diftin£l ; and feveral ftar$ 
on this account could not be meafured at: all,, .though other- 
wife not too clofe for the micrometer. : 

The infhument I am going to deforibe, . which I call a 
Lamp-Micrometer^ , is. free from all thefe defects,* and has* 
moreover,, to recommend it, the advantage of a very enlarged 
fcale. The conftru£tion of it is as follows. 

ABGCFE; (fig, 1 ).is a ftand nine feet high,: upon which a 
femi-circular board -"-qhogp is; moveable upwards or downwards, 
in the manner of feme. firescreens, as occafion may require, and 
is held in its fitnation by a peg/ put into any one of the holes 
of the upright piece ABl: This board is a fegment of a circle 
of fourteen inches radius,, and is about three inches broader 
than a femi-circle, to. give room for the handles rD, dP, to 
work, ' The ufe of this board is to carry an .arm L, .thirty 
inches long 9 which is made to move upon a pivot at the center 
of the circle, by means ofv a ftringy which paffes in a groove 
upon the edge of the femi-circle^?^ ; the firing is, fattened 
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to a hook at o (not expreffed in the figure being at the back of 
the arm L), and pafling along the groove from oh to q is turned 
over a pulley at g, and goes down to a fmall barrel e> within 
the plane of the circular board, where a double-jointed handle 
eP commands its motion. By this contrivance we fee the arm 
L may be lifted up to any altitude from the horizontal pofition 
to the perpendicular, or be fuffered to defcend by its own 
weight below the horizontal to the reverfe perpendicular fitua- 
tion. The weight of the handle P is fufficient to keep the 
arm in any given pofition ; but if the motion fhould be too 
eafy, a fri&ion fpring applied to the barrel will moderate it at 
pleafure. 

In front of the arm L a fmall Aider, about three inches 
long, is moveable in a rabbet from the end L towards the cen- 
ter backwards and forwards. A ftring is faftened to the left 
fide of the little Aider, and goes towards L, where it paftes 
round a pulley at m, and returns under the arm from m 9 ;/, 
towards the center, where it is led in a groove on the edge of 
the arm, which is of a circular form, upwards to a barrel 
(raifed above the plane of the circular board) at r, to which 
the handle rD is faftened. A fecond fixing is faftened to the 
Aider, at the right fide, and goes towards the center, where it 
pafles over a pulley ;/, and the weight w, which is fufpended 
by the end of this ftring, returns the Aider towards the center 
when a contrary turn of the handle permits it to aft. 

a and b are two fmall lamps, two inches high, if in breadth 
by 1 1 in depth. The fides, back, and top, are made fb as to 
permit no light to befeen, and the front confifts of a thin brafs 
Aiding door. The flame in the lamp a is placed three-tenths of 
an inch from the left fide, three- tenths from the front, and 
half an inch from the bottom. In the lamp h it is placed at 
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the fame height and 1 difhmce meafuring from the right fide. 
The wick of the flame coniifts only of a fingle very thin lamp* 
cotton thread ; for the fmalleft flame being fuffkient it is eafier 
to keep it burning in fo confined a place. In the top of each 
lamp muft be a little flit, lengthways* and alfi> a fmall open- 
ing in one fide near the upper part, to permit ai* enough to cir- 
culate to feed the flame. To* prevent every reflexion of light, 
the fide opening of the lamptf fhould be to the right*, and that 
of the lamp b to the left. In the Aiding door of each lamp is 
made a fmall hole with the point of a very fine needle juft op- 
pofite the place where the wicks are burning, fo that when the 
Aiders are flmt down, and every thing dark, nothing {hall be 
fcen but two fine lucid points of the fize of two ftars of the third 
or fourth magnitude. The lamp a is placed fo that its lucid point 
may be in the center of the circular board where it remains fixed* 
The lamp b is hung to the little Aider which moves in the rab- 
bet of the arm, fo that its lucid; point; in*, a horizontal pofition 
of the arm, may be or* a level with the lucid point in the cen^ 
ter. The moveable lamp is fufpended upon a piece of brafs 
faftened to the Aider by a pin exa£tly behind the flame upon 
which it moves as a pivot. The lamp is balanced at the bottom 
by a. leaden w r eight, fo as always to remain upright^ when the 
arm is either lifted, above,, or deprefled below, the horizontal 
pofition. The double-jointed handles rD, *P, confift of light, 
deal rods, ten feet long, and the lowefl/of themumay have divi- 
fions, marked upon it near the end' P,.. exprefling exa£Uy the 
diftance from the central lucid point in feet, inches, and 
tenths* 

From this conftru&ion we fee, that a perfon at a diftance -of- 
ten feet may govern the two lucid points,, fo as to bring them> 
into, any required pofition fouth or north preceding or following, 
2 from i 
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fro ai o to 90 by ufing the handle P^ and alfo to any diftancc 
from -fix-tenths of an inch to five or fix and twenty inches by 
means of the handle D, If any refie&ion or appearance of 
light "(hould be left fromthe top or fides of the lamps, a tempo- 
rary fereen, confiiting of a. long piece of pade-board, or a 
♦wire frame covered with * black cloth, of the length of the 
whole arm and of any required breadth, with a flit of half an 
inch broad in the middle,; may be affixed to the arm by four 
bent wires proje&ing an inch or two before the lamps, fituated 
£0 that the moveable lucid point may pafs along the opening 
left for that purpofe. 

Fig. 2. reprefents part of the arm L, half the real fize ; S 
the Aider ; m the pulley, over which the cord xtyz is returned 
towards the center; v the other cord going to the pulleys of 
fig. 1. R the brafs piece moveable upon the pin c, to keep tf^e 
lamp upright. At R is a wii rivetted to the brafs piece, upon, 
which is held the lamp by a nut and fcrew. Fig. 3. 4. repre- 
fent the lamps a, b y with the Aiding doors open, to fhew 
the fituation of the wicks. W is the leaden weight with a 
hole d in it, through which the wire R of fig. 2. is to be pafled 
when the lamp is to be faftened to the Aider S. Fig. 5. repre* 
fents the lamp a with the Aiding door fhut ; / the lucid point ; 
and Ik the openings at the top, and s at the fides for the ad* 
mifiion of air. 

Every ingenious artifi: will foon perceive that the motions of 
this micrometer are capable of great improvement by the appli- 
cation of wheels and pinions, and other well known mecha- 
nical refources ; but, as the principal objeSt is only to be able 
to adjuft the two lucid points to the required pofition and dis- 
tance, and to keep them there for a few minutes, while the 
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obferver goes to meafure their diftance^ it will not be necefiary 
to fay more upon the fubjedh 

I am now to fhew the application of this inftrument. It is 
well known to opticians and others, who have been in the habit 
of ufing optical inftruments, that we can with one eye look into 
a microfcope or telefcope, and fee anobje&'much magnified, while 
the naked eye may fee a fcale upon which the magnified pidlure 
Is thrown. In this manner I have generally determined the 
power of my telefcopes ; and any one who has acquired a 
facility of taking fuch obfervations will very feldom miftake fb 
much as one in fifty in determining the power of an inftru- 
ment, and that degree of exa&nefs is fully fufficient for the 
purpofe. 

The Newtonian formis admirably adapted to the ufe of this 
micrometer ; for the obferver ftands always ere£t, and looks in 
a horizontal direction, notwithftanding the telefcope fhould be 
elevated to the zenith, Befides, his face being turned away 
from the obje£l to which his telefcope is dire£ted, this micro- 
meter may be placed very conveniently without caufing the 
leaft obftrudtion to the view : therefore, when I life this inftru- 
ment I put it at ten feet diftance from the left eye, in a line 
perpendicular to the tube of the telefcope, and raife the move- 
able board to fuch a height that the lucid point of the central 
lamp may be upon a level with the eye. The handles, lifted 
up, are palled through two loops fattened to the tube, juft by 
the obferver, fo as to be ready for his ufe. I fhould obferve, 
that the end of the tube is cut away fo as to leave the left eye 
intirely free to fee the whole micrometer. 

Having now direfted the telefcope to a double ttar, I view It 
with the right eye, and at the fame time with the left fee it pro- 
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jefted upon the micrometer : then, by the handle P, which com- 
mands thepofition of the arm, I raife or deprefs it fo as to bring 
the two lucid points to a fimilar fituation with the two ftars ; and, 
by the handle D, 1 approach or remove the moveable lucid point 
to the fame diftance of the two ftars, fo that the two lucid 
points may be exactly covered by, or coincide with the ftars* 
A little pra&ice in this bufinefs loon makes it eafy, efpecially 
to one who has already been ufed to look with both eyes open. 

What remains to be done is very fimple. With a proper 
rule, divided into inches and fortieth parts, I take the diftance 
of the lucid points, which may be done to the greateft nicety, 
becaufe, as I obferved before, the little holes are made with the 
point of a very fine needle. The meafure thus obtained is the 
tangent of the magnified angle under which the ftars are feen 
to a radius of ten feet ; therefore, the angle being found and 
divided by the power of the telefcope gives the real angular 
diftance of the centers of a double ftar. 

For inftatice, September 25, 1781, I meafured a Herculis 
with this inftrument. Having caufed the two lucid points to 
coincide exadly with the ftars center upon center, I found the 
radius or diftance of the central lamp from the eye 10 feet 
4,15 inches; the tangent or diftance of the two lucid points 
50,6 fortieth parts of an inch; this gives the magnified angle 
$$\ and dividing by the power 460, which I ufed, we obtain 
4" 34 ;/ for the diftance of the centers of the two ftars. The 
fcale of the micrometer at this very convenient diftance, with 
the power of 460 (which my telefcope bears fo well upon the 
fixed ftars that for near a twelve-month paft I have hardly ufed 
any other) is above a quarter of an inch to a fecond ; and by 
putting on my powe> of 932, which in very fine evenings is 
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extremely diftin£t, I obtain a fcale of more than half an Inch 
to a fecond, without increafing the diftance of the micrometer ; 
whereas the mofl perfeft of my former micrometers* with the 
fame instrument, had a fcale of lefs than the two thoufandth 
part of an inch to a fecond. 

The meafures of this micrometer are not confined to double 
ftars only, but may be applied to any other objects that require 
the utmoft accuracy, fuch as the diameters of the planets or 
their fatellites, the mountains of the moon, the diameters of 
the fixed ftars, &c. 

For inftance, O&ober 23, 1781, I meafured the apparent 
diameter of a Lyrae ; and judging it of the greateft impor- 
tance to increafe my fcale as much as convenient, I placed the 
micrometer at the greateft convenient diftance, and (with fome 
trouble, for want of longer handles, which might eafily be 
added) took the diameter of this ftar by removing the two 
lucid points to fuch a diftance as juft to inclofe the apparent 
diameter. When I meafured my radius it was found to 
be twenty-two feet fix inches. The diftance of the two 
lucid points was about three, inches ; for I will not pre- 
tend to extreme nicety in this obfervation, on account of the 
very great power I ufed, which was 6450. From thefe mea- 
fures we have the magnified angle 3 8 / 10": this divided by 
the power gives 0^,355 ^ or , ^ ie apparent diameter of a Lyrce. 
The fcale of the micrometer, on this occafion, was no lefs 
than 8,443 inches to a fecond, as will be found by multiplyigg 
the natural tangent of a fecond with the power and radius, in 
inches. 

November 28, 1781,! meafured the diameter of the new 
ftar; but the air was not very favourable, for this lingular ftar 
was not fo diftind with 227 that evening as it generally is 
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with 460: therefore, without laying much ftrefs upon the 
exa€tnefs of the obfervation, I (hall only report it to exemplify 
the ufe of the micrometer. My radius was 35 feet 1 1 inches. 
The diameter of the ftar ? by the diftance of the lucid points, 
was 2,4 inches, and the power I ufed 227 : hence the magni- 
fied angle is found 1.9', and the real diameter of the flar 
5^022* The fcale of this meafure ,474 millesimals of an 
inch* or almofl half an inch to a fecond. 
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